The purpose of this investigation was to determine the influence of colored shade nets on the growth, anatomy and essential oil content, yield and chemical composition of Pogostemon cablin. The plants were cultivated under full sunlight, black, blue and red nets. The harvesting was performed 5 months after planting and it was followed by the analysis of plant growth parameters, leaf anatomy, essential oil content, yield and chemical composition. The plants grown under red net have produced more leaf, shoot, total dry weight and leaf area. Plants cultivated under colored nets showed differences in morphological features. Plants maintained under red net had a higher leaf blade thickness and polar and equatorial diameter of the stomata ratio. Additionally, higher yield of essential oil in the leaves was observed under red and blue colored shade net. The essential oil of the plants grown under red net showed the highest relative percentage of patchoulol (66.84%). Therefore, it is possible using colored shade nets to manipulate P. cablin growth, as well as its essential oil production with several chemical compositions. The analyses of principal components allowed observing that pogostol has negative correlation with α-guaiene and α-bulnesene. There was difference in total dry weight and patchoulol content when the patchouli is cultured under the red colored shade nets.
INTRODUCTION
Pogostemon cablin (Blanco) Benth. (Lamiaceae), commonly known as patchouli, is one of the medicinal herbal plants that produces essential oils (Rusydi et al. 2013) . Patchouli has been cultivated in Indonesia, Malaysia, China, India, Singapore, Philippines, Brazil for the essential oil production because of its economic importance (Sukardi et al. 2017) . About 80% of patchouli oil world demand is supplied by Indonesia and applied widely in perfumes, cosmetics, food, beverages, soap and even the last two decades, many medical worlds use as a medicinal ingredient (Hu et al. 2006 ). According to Swamy and Sinniah (2015) , it has demonstrated to possess multibeneficial pharmacological properties, such as antimicrobial, antioxidant, analgesic, anti-inflammatory, antiplatelet, antithrombotic, 2 AURISLAINE S. RIBEIRO et al. aphrodisiac, antidepressant, antimutagenic, antiemetic, fibrinolytic and cytotoxic activities.
The plant growth analysis is the simplest and most accurate way to infer the contribution of different physiological processes between genetically different plants or if grown under different environmental conditions. It allows determining the plant biomass production kinetics, as well as its distribution and efficiency throughout ontogeny (Benincasa 2003) .
Several factors affect plant growth; genetic and agronomic factors stand out among them. The amount and quality of light considerably affect plant growth and development. Crops grown under colored shade nets allow manipulating the incident solar light spectrum by fragmenting the direct light and converting it into diffused light to better cover the plants and stimulate photosynthesis (von Arnim and Deng 1996) .
According to De Almeida and Mundstock (1998) , the intensity and composition of the incident light influence cell growth rates, pigment accumulation and plastid differentiation in plants.
The colored shade nets combine physical protection and differentiated solar radiation filtering to promote the desired physiological responses regulated by light (Shahak et al. 2004) .
Studies about the physiological responses of medicinal and aromatic plants are of great importance, since they generate knowledge that makes it possible to develop cultivation techniques to achieve higher dry matter content and active ingredient levels. Studies about the cultivation of aromatic plants have found different responses concerning the vegetative growth and the content and composition of essential oil, according to the light spectrum control during cultivation (Martins et al. 2008 , Brant et al. 2009 , Costa et al. 2012 .
The patchouli species is used on commercial scale; however, no studies reporting the cultivation of this species under the influence of colored shade nets were found in the literature. Thus, the aim of the current study is to assess the spectral quality effect of the light transmitted through these nets on the vegetative growth and anatomy, as well as on the content, essential oil yield and chemical composition of P. cablin leaves.
MATERIALS AND METHODS

SCIONS OBTAINMENT
Patchouli scions were produced through micropropagation, using axillary buds inoculated in MS medium added with 0.5 mg L -1 BAP as explants. 
SCIONS CULTIVATION AND GROWTH ANALYSIS
The plants were grown under full sunlight and under 50%-shade black, blue and red nets (Chromatinet ® ). The experimental design followed a completely randomized block methodology (RBD), with four treatments and five repetitions in four pots (one plant per pot). The soil cultivation was kept at field capacity and subjected to alternating irrigations.
The growth assessments took place 150 days after planting, and the following parameters were set: leaf area (LA), which was measured in Leaf Area Electronic Meter, Model LI -3100-LICOR, to find parameters such as leaf area ratio (ratio between total leaf area per plant and total dry weight -LAR), specific leaf area (ratio between total leaf area per plant and leaf dry weight -SLA) and leaf weight ratio (ratio between total leaf Principality of Liechtenstein). All sections were analyzed in scanning electron microscope (LEO, model EVO 40 XVP, Cambridge -UK). The anatomical components observed in the cross sections were abaxial and adaxial epidermis, cuticle, palisade and spongy parenchyma, and leaf blade thicknesses. Trichome and stomatal density (presence and amount of trichomes), polar diameter (PD) and equatorial diameter (ED) were observed in the paradermal sections (Alves et al. 2008 ).
ESSENTIAL OIL EXTRACTION
The essential oil was extracted through hydrodistillation in a modified Clevenger apparatus for 90 minutes, using individual 70g and 40g leaf and shoot dry weight samples, respectively, in 1.5 L distilled water. Subsequently, the liquid-liquid partitioning was performed using dichloromethane (3 x 10m L). Two grams (2g) of anhydrous magnesium sulfate were added to the combined organic fraction. The solution was filtered and the organic solvent was evaporated at room temperature under gas exhaust hood. The essential oil was stored in amber glass bottles; its matters were measured and stored in refrigerator at ± 4°C, for further analysis. The parameters used to quantify the essential oil were leaf dry weight (LDW) and shoot dry weight (SDW) content and yield. weight per plant and total dry weight per plant -LWR), according to Benincasa (2003) . After the harvesting, each plant was partitioned into roots, stem and leaves, and placed in forced air circulation oven at 40°C. The roots were also washed and oven dried. The leaf dry weight (LDW), shoot dry weight (SDW), root dry weight (RDW) and total dry weight (TDW) were measured in an analytical balance after the constant weight was reached.
ANATOMY
The leaf samples that had fully expanded in the third node from the apical bud were collected and fixed to enable studying their anatomical components.
The anatomical studies were performed in 2x5 mm fragments of the mid-blade region. These fragments were sectioned and fixed in modified Karnovsky's -2.5% glutaraldehyde, 2.5% formaldehyde in 0.05 M sodium cacodylate buffer, pH 7.2, CaCl 2 0.001 M. The sections kept in this solution were stored in refrigerator for further analysis. The paradermic sections were washed three times in sodium cacodylate buffer, post-fixed in 1% osmium tetroxide for 2 hours, and washed twice in distilled water for 15 minutes. Each material selected for scanning microscopy was dehydrated in progressive acetone gradients (25%, 50%, 75%, 90% and 100%) for 10 minutes. The cross sections were obtained by immersing the samples in 30% glycerol solution in distilled water for 30 minutes. Next, they were frozen in liquid nitrogen and fractured with scalpel. These sections were post-fixed in osmium tetroxide (Alves et al. 2008) .
Subsequently, this material was dried to the critical point (BAL-TEC, model CPD-030, Principality of Liechtenstein) and mounted on aluminum stubs using double-sided tape in order to receive metalized cover in gold evaporator Sputtering (BAL-TEC, model SCD-050,
The quantitative analysis of the essential oil was carried out in a gas chromatograph coupled with a hydrogen Flame Ionization Detector (GC-FID) in an Agilent ® 7890ª system, which was equipped with a DB-WAX J & W 122-7032 column (30 m length x 0.25 mm internal diameter x 0.25 µm thick film) (California, USA). Helium was used as carrier gas at flow 1.0 ml/min; the temperature was kept at 240°C in both the injector and the detector. The initial temperature was 100°C, it was followed by a temperature ramp of 3°C/min up to 180°C and ended with a temperature ramp of 10°C/min up to 240°C. The oil was diluted in ethyl acetate (1%, v/v) and automatically injected into the chromatograph (1μL volume injection), using split mode at injection ratio 50:1. The content of the eluted constituents was expressed through the mean rate of the area relative to the chromatographic peaks ± the standard deviation of the analyzed samples. The qualitative analysis of the oil was performed in a gas chromatograph coupled to a selective mass detector (GC-MS), using the Agilent ® 5975C equipment, which was operated through electronic impact ionization at 70 eV, in scan mode, at speed 
STATISTICAL ANALYSIS
The statistical analysis of the observed data was performed according to the R Development Core Team (2012) . The treatment means were subjected to Tukey's test at 5% probability. Standardized data of three replicate were subjected to multivariate analysis, i.e., principal component analysis (PCA), using Statistica software (trial version 12, StatSoft Inc., USA) for the assessment of chemical composition (loadings) diversity of patchouli plants treated with several of colored shade nets (scores). The eigenvalues were: 5.414, 1.155 and below 1 for the remaining PCs. The first two principal components together explained 93.84% of the total variance, and they were included in the discussion. Correlation-based PCA of major compounds constituents (including α-Guaiene, α-Patchoulene, Seychellene, α-Bulnesene, Patchoulol, Pogostol) and TDW contained in patchouli plants was performed.
RESULTS AND DISCUSSION
The cultivation under colored shade nets has significantly affected the growth of P. cablin plants.
The accumulation of leaf, stem and total dry weight was affected by the use of colored shade nets, when they were compared to plants grown under full sunlight ( Figure 1 ). Such accumulation was higher in the leaves (46.70 g) and stems (31.84 g) when the plants were grown under red net. Consequently, there was greater accumulation of total dry weight (93.81 g). These results may be associated with the higher incidence of photons in the red and far-red region. Such incidence favored the photosynthetic process and it suggests that the red net has stimulated vegetative growth and vigor. The blue net has decreased the rays in the far-red band and the black net has not changed the quality of the radiation (Costa et al. 2012) .
The plants of P. cablin grown under full sunlight have allocated higher amounts of assimilates to the roots and showed the highest root-shoot ratio (0.33) in comparison with black (0.21), blue (0.20) and red (0.19) (data not shown). This allocation may have been occurred due to light intensity, which made plants invest in root growth as adaptive strategy to increase their water and nutrient absorption capacity. The same behavior was found in other species grown under experimental conditions similar to those applied to patchouli plants (Melo and de Alvarenga 2009 , Martins et al. 2008 It is noteworthy that these results may be related to the fact that patchouli plants are able to adapt to shade conditions. Especially when they are intercropped with plants able to provide them with shading (Ram et al. 1999) .
The variable total dry weight (TDW) was influenced by the cultivation environment. Such environment has also influenced the leaf area increase in all the herein tested treatments due to light intensity and to light spectral quality. The largest leaf area was found in plants grown under red net (43.55 cm 2 ), whereas the smallest one was observed in plants grown under full sunlight (17.23 cm 2 ), as shown in Figure 2 . The plants subjected to low irradiance levels have expanded their leaves to enhance light energy capture and to achieve greater photosynthetic efficiency; consequently, they have increased carbon fixation (Taiz and Zeiger 2009) .
The indices shown in Figure 2 allowed observing that the LAR (LA/TDW) increase was the strategy used by plants to adapt to low lighting. ). This result is an indication that P. cablin plants grown under blue net require greater leaf area to produce one gram of dry matter in comparison to the others treatments.
Since leaves are the main plant parts responsible for biomass production and the rest of the plant depends on biomass transportation (Benincasa 2003) , the leaf weight ratio (LWR) represents such expression (LDW/TDW). All the treatments have statistically shown the same LWR, and it has proved the productive efficiency of the treatments in dry mass production, when it was compared to the weight of the entire plant.
The specific leaf area (SLA=LA/LDW), which is an indication of the leaf thickness, is used to estimate the assimilation ratio, as well as the supporting and conducting leaf tissues. The SLA was lower under full sunlight condition, and it indicated that P. cablin leaves became thicker when the plants were kept under no shading. Such results meet those found in Aloysia gratissima, which has shown the lowest SLA under full sunlight condition and slightly thinner leaves under red, blue and black nets (dos Santos 2007).
Anatomical observations of P. cablin leaves were performed through scanning electron microscopy and the results have shown that cultivations grown under colored shade nets and under full sunlight have affected leaf morphology (Table I, Figure 3 ). The thicknesses of the abaxial and adaxial epidermis, as well as the cuticle thickness, were higher in plants grown under full sunlight, and it shows that increased radiation tends to increase leaf thickness in P. cablin. Castro et al. (2007) have studied Mikania glomerata Sprengel (Asteraceae) plants grown under different shading levels and found thicker epidermis in plants grown under full sunlight conditions. In Aloysia gratissima, the similar results were found by Pinto et al. (2007) . The reduction in leaf thickness of shaded plants is possibly due to the difference in distribution and consumption of photoassimilates for leaf expansion (Martins et al. 2009 ). In this research, plants under red nets showed the highest leaf area (Figure 2 ) and smaller thicknesses of the abaxial and cuticle thickness ( Table I) . Palisade parenchyma thickness (PP) was higher under red (61.38 µm) and blue (65.97 µm) net (Table I ). However, in the spongy parenchyma was thicker under full sunlight (169.12 µm) and red (147.66 µm) net, consequently, resulted in larger leaf blade thickness 289.98 and 258.56 µm respectively (Figure 3a-d) . This increase in leaf blade thickness (LB) in both face can protect the photosynthetic apparatus from light intensity. According to Lee et al. (2000) , leaves from plants kept under high irradiance have shown thicker epidermis in one or both sides.
Trichomes and stomata were found in both leaf faces (Table II ). The quality of the light provided by the colored shade nets has affected the number The stomata are important structures in plant productivity, since they represent the entrance and exit doors of photosynthesis gases (Silva et al. 2005) . The variations of the stomatal densities on the adaxial and abaxial surfaces reveal the anatomical plasticity of P. cablin as a function of the culture environment. According to Martins et al. (2009) , the increase in stomatal density is generally related to greater stomatal conductance, avoiding that photosynthesis is limited under adverse conditions.
The plants submitted to shading with red net had a higher polar/equatorial diameter ratio on the abaxial and adaxial surfaces (Table II, Figure 3e -h). According to Sha Valli Khan et al. (2002) , the higher the PD/ED ratio, the more ellipsoid the stomata and it may result in greater functionality. Thus, the treatments under full sunlight, as well as under blue and black nets, have shown less functional stomata in both the abaxial and the adaxial faces. This greater functionality of the stomata under red net brought higher leaf dry weight and consequently more total dry weight for P. cablin (Figure 1) .
Changes in this ellipsoid structure affect stomata opening and closing controls, and it results in high stomatal conductance, fact that favors water loss. The blue and red light spectra are important to control the stomata opening since they regulate the phototropins and phytochromes that activate a signaling cascade to control the stomata opening and closing (Chen et al. 2012 , Shimazaki et al. 2007 .
The essential oil content and yield in the leaves has observed higher amount than stem (Table III) . The highest essential oil content (1.13%) was found in plants grown under blue net. However, the leaves dry weight under red net was 31% higher than under blue net. Although these results of content and dry weight were different under blue and red net, the yield productions were similar between treatments. The other treatments did not present statistically different essential oil contents and yield. The essential oil yield of the plants grown under full sunlight have presented the lowest yield (0.18 g plant -1 ). TREAT. Face----------------------------------Abaxial Face---------------- The chemical composition of the essential oil from P. cablin leaves grown in the different environments assessed in the current study entirely consisted of sesquiterpenes, except for 1-octen-3-ol alcohol, which was found at concentrations from 0.45% to 0.61% (Table IV) . Thus, it corroborates the study by Yahya and Yunus (2013) .
Souza et al. (2011) have conducted studies using Mikania laevigata and Mikania glomerata
--------------Adaxial
The chemical characterization of patchouli essential oil is already well reported in literature (Deguerry et al. 2006 , Yahya and Yunus 2013 , Fritri et al. 2017 . Our achieved qualitative and quantitative chemical composition are in agreement with Friti et al. (2017) . Constituents such as β-patchoulene, α-guaiene, β-caryophyllene, α-humulene and, especially, patchoulol presented similar ranges contents between the present study and the results reported by Friti et al. (2017) .
Fifteen (15) chemical constituents were identified in the present study from P. cablin leaves. According to the quantitative analysis, more than 93% of the total chemical composition was elucidated. Six (6) out of these 15 components have constituted approximately 86% of the total chemical composition, and they were featured as α-guaiene, α-patchoulene, seychellene, α-bulnesene, patchoulol and pogostol. Patchoulol has shown the highest contents among these components, between 62.10% and 66.84%.
The relative percentage of patchoulol in the current study was 3 to 4 times higher than that reported by Milchard (2004) in essential oils from China (15% to 24%) and approximately 2 times higher than the contents quantified in essential oils from Indonesia (30% to 33%). However, it was close to the patchoulol concentration range (50% to 64%) found in the essential oil of patchouli leaves grown in Sergipe State, Brazil (de Sant'ana et al. 2010) .
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Plants of P. cablin grown under full sunlight and under colored shade nets, the patchoulol contents were slightly higher in the essential oil from plants grown under full sunlight (65.68%) and under red net (66.84%). On the other hand, there was slight α-patchoulene decrease in patchouli leaves grown under red net (1.92%) in comparison to those subjected to the other treatments (2.04% to 2.35%). Patchoulol and α-patchoulene are constituents of great commercial interest in perfume industries (Mekem Sonwa 2000) . Although the α-patchoulene is found in small amounts, it is an important constituent of the patchouli essential oil since, in combination with patchoulol, it determines the oil aroma (Donelian et al. 2009 ).
The light spectral quality affects the P. cablin essential oil production and its chemical composition, since it is known that patchouli shows the best vegetative growth rates in plants grown under shading conditions. Therefore, it was The plants cultivated in full sun light had more concentration of pogostol and lower total dry weight. It can observe that the black and blue colored shade nets had higher content of compounds (α-guaiene, α-patchoulene, seychellene, α-bulnesene). These compounds are negatively correlated to patchoulol and pogostol. The analyses of loadings allowed observing that pogostol is negative correlation with α-guaiene and α-bulnesene. This can be explained because these compounds have the guaianyl cation as the same precursor in the pathway (Deguerry et al 2006) . Overall evaluation of the dates it is noteworthy that there is difference in total dry weight and patchoulol content when the patchouli is cultured under the red colored shade nets. concluded that the red and blue nets were the best cultivation alternatives.
The resulting of the principal components analyses, scores (a) and loadings (b), provides a conceptual overview of the treatments by showing a total of 93.84% of the variance (Figure 4) . PCs separated these treatments in three groups blue and black from red colored shade net and full sun ( Figure  4a ). The analyses of loadings allowed observing the most important variables were the essential oil compounds by PC1 and in total dry weight by PC2. Taking into account the highest loading of PC1, it is possible to conclude that patchouli illuminated with red colored shade nets showed higher total dry weight and patchoulol content (Figure 4b ).
